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The Heath Company reserves the right to discon- 
tinue instruments and to change specifications at 
any time without incurring any obligation to 
incorporate new features in instruments pre- 


viously sold, 


The HEATHKIT Model IT-11 Capacitor Checker 


4¢ 9 monoraluniyrnnes inatmimant dacignadfavuc 
inv a Brita aL™ pul BPYve ALLOCL ULELZO LiL MES NeuLve use 


by servicemen, engineers, and technicians in 
checking capacitors for value, leakage, shorts, 
and opens, The Checker may also be used to check 
resistance, inductance, and transformer turns 
ratios, 


AC bridge, powered by an internal 60 cycle 
supply or by an external audio generator with 
10 volts output (see Page 28, EXT. GEN.,). 
Upper frequency limit: 10 ke, 


10 wf to .005 pfd. 

-001 pfd to .5 pfd. 

-1 ufd to 50 pfd, 

20 pfd to 1000 pfd. 

External standard (comparison bridge; maxi- 
mum ratio 25:1). 


DC test voltages from 3 to 600 volts in 16 steps. 


5 2 to 5000 &, 
500 2 to 500 KQ. 
50 KG to 50 megohm 
External standard eases bridge; 


at DRS Dm eS BE 


mum ratio 25:1), 


105-125 or 210-250 volts AC, 50/60 cycles, 30 


watis, 
9-5/8" high x 6-5/8" wide x 5" deep. 


5 lbs. 


[Refer to the "Kit Builders Guide” for complete| 


information on unpacking, parts identification, 


tools, Wiring, soldering, and step-by-step | 
sembly procedures, 


in making quick, accurate tests, Precision re- 
tetnaem aenA ananwen ritees mesa meett 


sistors and capacitors in the pr idge VLAPUULL 
provide a high degree of accuracy and stability. 


Terminals are prov the f 
the component under test (TEST 
generator (EXT. GEN), 
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grams in this description will prove e he elpfuil in 
fully understanding how the circuit functions, 


The heart of the Capacitor Checker is the AC- 
powered bridge, Balance control R13 is used to 
vary the resistance of two arms of the bridge. 
The third arm is the standard (internal or 


external) and the fourth arm is the component 
being tested, 


BRIDGE RATIO CALCULATIONS 
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Referring to Figure 1, assume that Rx = Rs 
(any value) and that Balance control R13 is in 
the center of its range so that RI3A = R13B 
(500 8 each), Under this condition, with the 
bridge balanced and with Rx equal to Rs, the 


ratio of R13A to R13B = 1:1. 


if?) 


RI3A 
EYE BALANCE ee. 
TUBE CONTROL 

R 


AC INPUT 76 BRIGGE Riga. RIE 
TRANSFORMER MAY BE 
6.3 VOLTS FROM HEATER LINE Ry UNKNOWN 


M EXTERNAL GENERATOR. 
oe Rs STANDARD 


Figure 1 


If Rx did not equal Rs, halance of the bridge 
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would occur with the Balance control at some 
point other than the center of its range, When 


an“ea meimec unth RIOA _ en thea DID _. 
balance OcCuUrs With NLisGA = 600 g, WICLL PrivD ~ 


400 2, The ratio is now 600/400, or 1.5:1. 


When balance occurs witl = 
R13B = 200 Q, The ratio is 800/200 


—- 


Turning the Balance control changes the values 
of R13A and R13B, When the bridge aa panies 
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R13A times Rs = R13B times Rx, Then the 
voltage at Y {see Figure 1) is minimum and 


tha ayn tiha nnana Thea heiAen nivanwit ia hag 
wie UVyo VWse Opes, 2 oPiuge Circuit is oas- 


ically the same for all types of measurements: 


only the standards and the unknown values change, 
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DESCRIPTION 


MEASURING RESISTANCE 


Fewer ee ere ee Te er 


When checking resistance, Rs becomes the re- 


giatannan atanAava wa De thn wamlesn nae 
Sistance stanaara ana wx is wie UNATOWN re- 


sistance. The value of Rx is indicated on the 
fr ont panel by the Balance control pointer when 
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que bridge is balanced. 


MEASURING CAPACITANCE 


LOWER RANGES - C x 


Referring to Figure 2, the Staidard, Cs, is a 
capacitor (internal or external), and Cx is the 
unknown capacitance being measured. As in 
measuring resistance, the Balance control is 
adjusted for baiance oi the bridge. At baiance 
R1I3A times XCs = R13B times XCx, In this 
case, XCs is the capacitive reactance of Cs 


and XCx is the capacitive reactance of Cx. 
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Figure 2 
HIGHER RANGES - C x 1 and C EXT Scale 


Capacitors are measured on the higher ranges 


just as desrrihed for the two lower ranges 
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except for electrolytics. 


c 
aimaunt of internal serie 
necessary to use POWER 
along with Balance control 

ance the bridge, See Figur 3, The POWER 
FACTOR control is used to cancel the effect 
of series resistance in electrolytic capac- 


itis Ow and wannN onmte thn tu: highar 
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ranges. The formula for finding the series 
resistance of an _ electrolytic capacitor is: 


RI4 - POWER FACTOR CONTROL 
CAPACITANCE 


7 a: 


SERIES RESIST ANCE 


Figure 3 


= percent power factor 
3.14 


frequency of applied voitage 
C = capacity in farads 


m4 . 
it 


For example, the series resistance of a2 pid 
capacitor with 5% PF at 60 cycles would equal: 
.05 


= a = 66,3 2 
27 x60 x 2x .000001 PSE es oe 


NOTE: The POWER FACTOR control is cali- 
brated, using internal 2 pfd capacitor C6 as 
a standard, at 60 cps. Therefore, when using 
an external generator at a frequency other than 
60 eps. the value indicated by the POWER 


FACTOR coniroi musi be corrected by a factor 
of FT. FT is the external anplied frequency. 


60 ~ 


EXYAMDILE: Netaermin 
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which measures 5% PF 


120 cps. 
% PF = measured % PF x = 
ee ee, 51) 
% PF = .05 x =e 
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The capacitance Scale is extended by adding 
9000 2 resistor R34 in series with Balance 
control R13. The bridge is balanced as before, 
using the Balance control, plus the POWER 
FACTOR control for electrolytics, 


ee ee Wee re Vey eae save VV g 


the ratio has now been changed due to ie addi- 


es non af DmOA VE7241. aS oe 4hn 
t2UEL UL iO. With twm£é Balance contr ol in the 


center of its range, R13A = 500 2 and R13B = 
500 &. Therefore, the ratio is: 


a 


9000 pius 500 , 
500 = 19:1 


The standard internal capacitance value is 2 fd, 


which makes the center scale reading equal to 
19 times 2 wid, or 38 ufd he remainder of 


tics Va wre whe Bbw BD i de BB och’ 


the "C" EXTENDED SCALE is calculated in the 
same way. 


MEASURING INDUCTANCE 


Again, the bridge is balanced using Baiance 
control R13, At balance, R13A times XLs = 
Ri3B times XLx. Here XLs = the inductive 
reactance of the standard, and XLx = the in- 


anmnnan nao tacta 


we OL tae component veing A A 


ductive reactanc 
An external standard must be used when measur- 
ing inductance, 
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Lx = UNKNOWN INDUCTANCE 


Ls = STANDARD INDUCTANCE 
(MUST BE EXTERNAL) 


The Ac series resistance (characteristic) of 
the external component should be similar to 
that of the test component to permit balancing, 
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BHR F ACTOR control is not used in 
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Figure 6 


signal voltage th 
bridge to the grid of amplifier stage V2A, The 
amplified signal from VZA is then applied to 
the voltage-doubler rectifier circuit, consist- 
ing of V2B, V2C, C3, and C4, The resulting 
negative DC voltage is applied to the grid of 
eye tube V3, closing the eye. 


When the bridge is balanced, no signalis applied 
from the bridge to VZ2A, Therefore, no negative 


Meee FA Ce eee <td SOS Seg £440 6 CLE & 


DC voltage is present at the grid of the eye tube, 
and the eye stays open, 


CAPACITOR LEAKAGE 


Omnsn TRArANT 
Lib ALUN LARS 


When checking a capacitor for leakage, V2A is 
connected as a DC amplifier, When voltage is 
applied to the capacitor under test, through 10 
KQ limiting resistor R40, the capacitor charges, 
drawing current through grid resistor Rg of V2A, 
The voltage drop across this resistor causes V2A 


SE as ond wa Weer eee 4 See LES 


to conduct due to a positive voltage developed on 
its grid, This changes the voltage at the plate 


of vOoA awa at 
Aik a at Win 4 44 Ve ws 


eye to close. When the capacitor is fully charged, 
current ceases to flow through grid resistor Rg, 
aes vestlenttan nn Af TPO A wmobuenatnita oniginal 
and the Bid VOLa ES OL VW os PCI LY its oT ipaiias 
value, The plate voltage of V2A also returns to 
its original value and the eye tube opens. This 
indicates a good capacitor 

FO 10 K2 10 WATT 


the rrid of the eye tube, causing the 
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V2A Vz 
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or 
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vot v3 


L. TO BRIDGE -t EAKAGE 
SWITCH 


If the capacitor being checked is leaky or shorted, 
current continues to flow through grid resistor 


ne tha awa tiho fram ananin 


De ato | 
aed —S} Ps WW LALS. ULE cy. buy 42 W444 opening, 


Calibrate controls R43, 44, and 45, connected in 
parallel with Type switch resistors R37, 38 and 
39, are adjusted for proper grid current through 


Rg for different types of capacitors, 
LEAKAGE DISCHARGE 


Whan tho RREMCr._ LEAKAGE swi oh jie ved 
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from the LEAKAGE position to the DISCHARGE 
position, the capacitor under test is shunted to 


werniwensl we eee wae otatnvewan awl Te a eae 


Blu thr ough 2eolrww!1ls R40 aii R36, ul ing 
the resulting discharge time, a voltage is again 
developed at the grid of amplifier stage V2A, In 


turn, V2A causes a change in the grid voltage 
of eye tube V3, causing the eye toclose. After the 


capacitor has discharged, the voltage on the 


grid of tube V2 returns to its original value 
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Figure 8 " 


POWER SUPPLY 


The transformer-onerated 
had bead Met Lainie’ 


ao eee aan upp.iy Mew a 
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V1 in a half-wave rectifier circuit. The fused 
primary | circuit of the transformer is sym- 


ante <A na ith On ans 
metrically bypassed With Us 


awer amniyvy ndaad 
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calita Cid for in- 
creased accuracy when measuring low capaci- 
tance at 60 cps. The filament circuit is effective- 
ly center tapped with R41 and R42, Capacitors 
Ci and C2, with resistors R1, R2, R3, R4, and 
R5 make up a filter-voltage divider network to 


provide proper DC voitages to the circuit. 
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This? 4nanual-is supplied to assist you in every 
way to complete your kit with the least wossibic 


chance for error. The arrangement shown is 
the result of extensive experimentation and 
trial. If followed carefully, the result will be a 
stable instrument, operating at a high degree 
of dependability, We suggest that you retain the 


ma alin your files for future reference 
manuvai Abi Iv uy wAW A WALL, 


in the use of the instrument and for its main- 
tenance, 
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UNPACK THE KIT CAREFULLY AND CHECK 
EACH PART AGAINST THE PARTS LIST, In so 


dsine vow will heroamea aronainted with thea narts 
MUaIfyy a Mwha FeAAA BEY WEA PAN WRC RARE NE VEAGAA LELU Me- vite 


Refer to the charts and other information onthe 
inside covers of the manual to help you identify 
the components, If some shortage or parts 
damage is found in checking the Parts List, 
please read the Replacement section and sup- 


ply the information called for therein, 


tana rcenerall, 7 ha tel nwnnae nn opm hte ~ 


Resistors gener a@uy nave a tolerance rating of 
10% unless otherwise stated in the Parts List. 
Tolerances on capacitors are generally even 
greater, Limits of +100% and -20% are common 


for electrolytic capacitors, 


oh Lape - 


We suggest that you do the following before work 

is started: 

1, Lay out all parts so that they are readily 
available. 


2. Provide yourself with good quality tools. 
Basic tool requirements consist of ascrew- 
driver with a 1/4" blade; a small screw- 
driver with a 1/8" blade; long-nose pliers; 


urnira attara nroaforahilid caanarata Aiagnnal 
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cutters; a pen knife or a tool for stripping 
insulation from wires; a soldering iron (or 
gun) and rosin core solder. A set of nut 
drivers and a nut starter, while not neces- 
Sary, will aid extensively in construction of 
the kit. 
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t s prui tO Separa wie 
various parts into convenient categories. Muffin 
tins or molded egg cartons make convenient 
trays for Smali parts, Resistors and capaci- 
tors may be placed with their lead ends in- 
serted in the edge of a piece of corrugated 


cardboard until they are needed, Values can 


ha tvdtto om tha nawndhnawa nawvt tn annh 
re Written On me Caraocara next tO e€actn 


component. The illustration shows one method 
that may be used. 


PARTS LIST 


To order replacement parts, refer to the 


Replacement Parts Price List and use the Parts 
Order Form furnished with this kit, 


PART PARTS DESCRIPTION 
No, Per Kit 

RESISTORS 

1-3 4 100 2 1 1/2 Watt 
(brown-black-brown) 

1-119 2 560 2 1/2 watt 
(green-biue-brown) 

1-7 2 680 2 1/2 watt 
(blue-gray-~brown) 

1-8 1 820 2 1/2 watt 
(gray-red-brown) 

1-9 1 1000 2 1/2 watt 
(brown-black-red) 

1-44 1 2200 2 1/2 watt 
(red-red- red) 

1-16 1 4700 2 1/2 watt 
(yellow-violet-red) 

1-20 9 10 K& 1/2 watt 
(brown-black-orange) 

1-25 4 47 KQ 1/2 watt 
(yellow-violet- orange) 

1-26 1 100 KQ 1/2 watt 
(brown-black- yellow) 

1-29 2 220 KS 1/2 watt 
(red-red- yellow) 

1-35 1 1 megohm 1/2 watt 
(br own-black-green) 

1-36 2 1,5 megohm 1/2 watt 
(br own-green-green) 

2-83 2 200 2 1/2 watt 1% precision 

2-35 i $066 & 1/2 watt i% precision 

2-38 1 20 KQ 1/2 watt 1% precision 

2-55 1 2 megohm 1/2 watt 1% pre- 
cision 

1-5-1 1 22 KO 1 watt 
(red-red- orange) 

1-18-2 1 33 KQ 2 watt 
(orange-orange-orange) 

1-10-2 4 47 KQ 2 watt 
(ye llow-violet- orange) 

3-7-10 1 10 K& 10 watt wire-wound 

CAPACITORS 

20-2 j] 200 wut moided mica 
(red-black-brown) 

21-71 2 .001 ufd disc ceramic 1400 V 

27-89 1 .02 ufd Mylar * 

23-59 1 .05 pid tubular 

23-28 1 .1 pfd tubular 


“1 pid M ylar* 


23-56 1 .o ufd tubular 
27-58 1 2 pfd Mylar* 
20-41 Z 40 pid 350 V electrolytic 


CONTROLS-SWITCHES 


10-58 3 100 K& tab-mount control 

11-101 2 1000 & (1 K&) control, wire- 
wound 

60-1 1 SPST slide switch 

60-2 1 DPDT slide switch 

62-15 1 3-position lever switch 

62-16 1 3-position lever switch 

63-503 i 16-position rotary switch 

63-504 1 8-position rotary switch 

TUBES-TRANSF ORMERS 

411-128 1 6BN8 tube 

411-120 1 6E5 tube 

411-156 1 6AX4 tube 

51-80 i Bridge transformer 

34-34-24 j Power transformer 

CONNECTORS-TERMINAL STRIPS- SOCKETS 

100-16-2 3 Binding pos , black 

100-16-18 3 Binding eect cap. red 

427-3 6 Binding post base 

431-1 2 Dual-lug terminal strip 

431-12 1 4-lug terminal strip 

431-11 2 o-lug terminal strip 

431-16 L Z2-lug terminai strip 

434-31 1 Octal socket 

434-12 1 6-pin tube socket 

434-77 1 9-pin tube socket 


METAL PARTS-KNOBS 


90-414 1 Cabinet 

200-525 1 Chassis 
203-250-2 1 Front panel 
462-97 2 Lever switch knob 
455-50 4 Knob bushing 
462-245 3 Knob 

462-253 1 Pointer knob 
HARDWARE 

250-2 2 3-48 x 5/16" screw 
250-18 2 8~32 x 3/8" screw 
250-26 4 6-32 x 5/8" screw 
250-48 4 6-32 x 1/2" screw 


*DuPont Registered Trademark 


bles eee (Gea es eatunit 
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255-1 
255-13 
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6-32 x 3/8" screw 
#10 sheet metal screw 
3-48 nut 

6-32 nut 

8-32 nut 

Control nut 

Speednut 

#8 flat washer 

Control flat washer 

#3 lockwasher 

#6 lockwasher 

#8 lockwasher 

Smaii control lockwasher 
Control lockwasher 
1/8" spacer 

1/4" spacer 


#2 anlAaw Term 
Te BUsAUer 2uR 


#8 solder lug 
Mounting clip 
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MISCELLANEOUS 


——_ or 
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Binding post insulator 
Strain relief, round cord 
D4nnin walianf flat anna 
MLE GALIL LUEATA, LEAL LUE 
Line cord 

Wire harness 


Hookup wire 


Tube retaining clamp 
Handle 

Rubber foot 

1/2 ampere slow-blow fuse 
Fuseholder 

Line cord adapter 
Identification lahel 

Nut starter 

Parts Order Form 
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Manual (See front cover for 
part number,) 
Solder 
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Pictorial 2 


TEST AND CALIBRATION 


If any of the following steps do not produce the 
desired results, turn the instrument OFF and 
re 


than Tm Oaan OF Diffict Wer anant 
9 © Sw dil ww &. 


fer to ase Of wiicuiry sec 
Make sure the line cord is plugged into an outlet 
of the proper voltage, Turn the instrument on by 
morine the AC elida ayitrh ta tha ON nocitinon 
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After a few seconds for warmup, the eye tube 
should have a green glow and the filaments of 
the 3 tubes should be lit, 


Set the controls to the following positions, 


CONTROL POSITION 
( ) BRIDGE- LEAKAGE BRIDGE 
if \ mmnt 
4 i W745 le AIN Le 
( }) Type switch Any 
{f \} VOT TAGE Q 
K i ¥ N72 4 LENA LS ww 
( ) POWER FACTOR 0 
(-) RANGE * 
Qoop Se easNs 


*For positions R Xi through C X1, the eye 
eo chould he closed with the Balance control 


tube IEE UALLA nee eloseda VARA GAs Balan ww Wee 


any position except maximum clockwise, The 
tube should be open when the Balance control 


is maximum clockwise. Position the Balance 
control maximum clockwise and with your finger 


touch the negative TEST terminal, The eye tube 
should tend to close whenthe RANGE switchis in 


ao ee TR WEP 21a ee 
positions R X100 through C X.01. 
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sition, the eve tube should be 


( ) Now set the RANGE switch to EXT. STD. 
In this position, the eye tube should be open 


marmrarnAltaana «nf tho Tatannsn nnetenl macititin 


ACR aALUIC SS Ul LLC Dalat CUMLLUL position, 
As before, touching the negative TEST 
terminal or the red EXT. STD. terminal 
should close the eye tube, 


Switch 4h CLA quuers & ch +~ EXT et -tho 
AMC] LLIT Uris tye. SOWELL LU Od USL 


The eye tube should remain openr 
less of the RANGE switch or Balance 
control positions. 
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VOLTAGE TEST 


( ) Connect a voltmeter (VT a or 1000 ast volt) 
te tha TROT tarminale rolt 


BMAy LAAW ee BUH £4441 CLAS Set the Ff i eter LO 


read high DC+. Set the BRIDGE- LEAKAG 
switch in LEAKAGE position and the TYPE 
switch to ELECTROLYTIC. Now turn the 
VOLTAGE switch through its 16 positions, 
The voltmeter reading shouldbe essentially 
the same as the VOLTAGE switch indica- 
tions, 

BRIDGE CALIBRATION 

Connect the 200 2 1% precision resistor to 


be ameernten ata Ont $L TO ARTO nese 


4h, Tram 
Lit ADvOtL ter minals, we the RANGE switc h 


to the R X1 and the BRIDGE-LEAKAGE switch 
to the BRIDGE, position, Set the GEN, switch 


to INT, Push a knob bushing onto the BALANCE 
CONTROL chaft and adineat the choft varunarea 


We ZAP RSNA ALL, CLL aMywot DPAAN WHAAALAL VERS YY Vede on 
fully for maximum opening of the eye tube, 
Position the pointer knob so the pointer index line 
is straight down and is over the “i at the 
eenter of the EXTERNAL STANDARD scale 
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Push the knob partially onto the bushing, As 
before, remove the knob and bushing together, 


( ) Remove the 200 2 


oe ae fl 


future calibration ¢ 


KAGE CALIBRATION 


resistor and keep it for 
hecks, 


iMiammeter. The first 


factory, however, ee procedure will 


Type -- ELECTROLYTIC. 
BRIDGE- LEAKAGE -- LEAKAGE. 


nearer , e 
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the top (AD) calibrate control, 


5. Move the BRIDGE-LEAKAGE switch to 


NISGCH ARGH and vamown thea 17f KO ra_ 
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sistor. 


7. Set the controls as follows: 
VOLTAGE -- 25 volts, 


Type -- MIN.' LYTIC. 
BRIDGE-LEAKAGE -- LEAKAGE. 


[*] AdAdesat tha aun tila ta tha tliat alaacad!! 

uv, fiuj Use Lit vy LLB tw liv pure WLU 
position with the bottom (AB) calibrate 
control, 

Q Set the controls as follows 


VOLTAGE --3 volts, 
Type -~ PAPER. 
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10, Adjust the eye tube to "just closed" posi- 
tion with the center (AC) calibrate control, 


11. Return the BRIDGE-LEAKAGE switch to 


DISCHARGE and remove the 1,5 megohm 
resistor from the Test terminais, 


CALIBRATION WITH A MILLIAMMETER 


1, Connect the meter in series with a 2 meg- 
ohm control (not supplied) across the TEST 
terminais, 


2. Turn the instrument on and allowit to warm 


BRIDGE-LEAKAGE -- LEAKAGE, 


4, Adjust the 2 megohm control until the 
meter reads 2 ma, 


5, Adjust the eye tube to the "just closed" 
position with the top (AD) calibrate control. 
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BRIDGE-LEAKAGE -- LEAKAGE 


ne MINT T Am eos? wemttianes man al 
t, Reduce the VMwld AGE switch SCI anu 


rotate the 2 megohm control until the meter 
reads 15 pa, 


just the eve 
o, Las eye tube to the 


position with the ‘bottom (AB ,) calibrate 
control, 


W« 


9. Set the controls as follows 
Type -- PAPER, 
BRIDGE-LEAKAGE -- LEAKAGE, 


10. If necessary, reduce the VOLTAGE switch 
setting, and increase the 2 megohm control 
until the meter reads 2 pa, 


11, Set the eye tube to the "just closed" position 
with the center (AC) calibrate control, 


Due to component tolerances and line voltage 
variations, it is uSuaily not possibie to draw Z 
ma from the power supply on the 25 volt setting 
of the VOLTAGE switch, To determine the 
degree of closure of the eye tube under short 


eonditicna at the. UAT TACT auithh +7, 96 
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BRIDGE-LEAKAGE switch to LEAKAGE, and 
the Type switch to ELECTROLYTIC. Momen- 
tarily short the TEST terminalis with a screw- 
driver and observe the eye tube, The size of 
the opening remaining should be mentally re- 
tained as an indication of short conditions on 
the 25 voit setting only, The 50 voit position 
should completely close the eye. NOTE: A 
completely shorted capacitor will be detected 
during the value test (Bridge Circuit), It is not 
recommended that the leakage test be per- 
formed on a capacitor known to be shorted 
since possible damage to the power supply 


could occur, 


EYE TUBE POSITIONING 


With the BRIDGE-LEAKAGE switch in the 
BRIDGE position, rotate the Balance controlfor 
avery narrow opening of the eye tube. Next ro- 


tata tian awn fitha tin tte mermtina alin imtii tha 
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eye tube opening is vertical. 
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cabinet and into the speednuts in the rear chas- 
sis flange, 


(SS eT ESEKIT’) 


— 
OPERATION 


Pictorial 12 (on Page 22) explains the eye tube, 
and front panel controls and terminals 


CAUTION: The circuit ground and the case of 


this instrument are both connected to the nower 
CEL ALCS ULAR CAL AURAL WEEE UU EW UE OP 


line ground through the green wire of the line 
cord, Always connect the ground test lead of 


this device to the chassis, or ground, of the 
circuit being tested or measured, 


NOTE: It is always best to connect the component 
under test directly to the TEST terminals. Long 
btemt Tan cle ec eee etanle eee member AM £24 2,1A nm ne A wt 
LEeSL 14C aud Iliady PIUK UP SLLay Au L1C1UDS alg sive 
inaccurate readings. If test leads must be used, 
keep them as short as possible. 


RESISTANCE MEASUREMENT 


Connect the unknown resistance to the TEST 
terminals. Set the RANGE switch to one of the 
"R' multipliers. The GEN. switch should always 


he in INT. vosition on all tests unless an ex- 
Sie el mabe ee QrY a Bh Wsth 


ternal generator is used. The Type, VOLTAGE, 
and POWER FACTOR controls are not used in 
this test. Set the BRIDGE-LEAKAGE switch to 
the BRIDGE position, Adjust the Balance control 
for maximum eye tube opening, Read the resist- 
ance indicated by the Balance control pointer on 
the "R" scale and muitiply by the RANGE switch 
setting, 


CAPACITANCE MEASUREMENT 
Lower Ranges-X .0001 And X .01 


Connect the unknown capacity to the TEST termi- 
nals, The VOLTAGE switch is not used in this 


Set the Type switch to its lower position, 
this position is for paper, mica, ceramic, glass, 


and any other small value eapacitore. The 


as awe caaay Wave S458 Se eavavavva a 4st 


RANGE switch should be in either the C X 0001 or 
C X.01 position, depending on the size of the 
capacitance under test, Set the BRIDGE- LE AK- 
the “Balance control for ave tube opening. Read 
the value of the capacitance onthe "C" scale and 


multiply by the RANGE switch setting. 


NOTE: To obtain sharper eye tube indications 
when measuring small capacitance values, con- 


whee eT memento #-~ 4., THvm pag 
nect an GxXUTETNas SeueL ator OU ae BM UE, 


terminals and set the GEN. switch to EXT. 
position, Set the generator to 1000 cps. 


OBSERVED The eiti 


Von nviw, ian positive (t+ le 
pacitor should be connected to the po ositive eee 
binding post, and the negative (-) le ad to the 
negative (black) binding post of the 
nals. The VOLTAGE switch is not used in thi 


test. 


Set the Type switch to either the MIN. LYTIC 
or ELECTROLYTIC position, depending on the 


ery eee er a ATANT EE. A RATA tT OW 
UCdpavitul under TESOL, AWA EE, Sh AVAALN, aud 4 4 


(miniature electrolytic) can be distinguished 
from an electrolytic by its high capacitance, low 
working voltage and small physical size. Min- 
tnhiva ala olvtics are usually encased in 
ALU TU electr OnLy tan Ai MD Wien Y 5 aA man 
ceramic or plastic and are completely sealed, 
Adjust the Balance control and the *POWER 
FACTOR control for the widest opening of the 
Read the capacitance on the "C" 


avo tatho 
MN w eR Ww 


scale or EXTENDED scale, depending on the 
RANGE switch setting, The capacitance is read 


at so much (%) power factor. For example: 
40 ufd at 69% nower factor 


“Ets pause aL Ww ew rNa BMW LVL 


*Power Factor is the measure of the energy 
loss in an imperfect capacitor, In filter appli- 
cations, a higher power factor decreases the 


effactive capacity so that the effective ca- 


pacity at 20 PF (Power Factor) is 98% of 
the measured capacity, At 30% PF, the effect- 
ive capacity is decreased to 35%. While at 50% 
PF, the effective capacity is decreased to 


87% of the ‘measured capacity. 


A significant point of the capacitor test, well 
worth remembering, is that a capacitor which 
will not balance on any of the ranges but allows 
the low end of the low. 


tha ave tuha ta cnen an 
ow vyw Vis whe Wid po we 


be to op 
range, iS an open capacitor, A capacitor which 
allows the eye to open on the high end of the 
high range is a shorted capacitor. In either 
case, there is no reaso 
further, 


as ee OSE rot hes 


KAGE TEST 
After the capacitor value has been determined, 
a leakage test for quality an be made, Set th 


VOLTAGE switch to the voltage rating of the 
capacitor (the four voltage positions below 25 
volts are to be used for miniature electro- 
lytics only), which is usually printed on the ca- 


pacitor itself. Push the BRIDGE-LEAKAGE 


asiét oh +n than TOD AWAMTT!' wacitian anA clhaanawen 
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the action of the eye tube. A sudden closing and 
then return to normal shadow angle indicates a 
satisiactory capacitor. A partially closed eye or 
fluttering condition would indicate an intermittent 


SUMVLU S ask ERE UR FERRER BARRE CON CR ARR et BERRA AS Te 


condition, If the eye stays closed the capacitor 
is leaky. 


NOTE: The eye may not open on some elec- 
trolytics, especially large electrolytics. This 
does not always mean the capacitor is shorted, 
Refer to the Canacitor Current section which 


aus. se We WY Ap ewatves et wwe vee ee we 


follows, 


Ath an the b Pas eter = ¢hn RPRnwritr 
AMLeLD f1c leakage est ? return mc onwAe- 


LEAKAGE switch to the DISCHARGE position. 
When the eye tube opens, the capacitor under 
test is discharged and safe to handle, 
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CAPACITOR CURRENT 


The eye will close when approximately 2 milli- 


of Ai + 
amperes of direct current are drawn through 


the test circuit when checking electrolytic ca- 
pacitors. Approximately 15 microamperes of 
current are required to close the eye when 


and annrovi-_ 


Sreses Seppe eee 


rhocting miniature elertrolvtiog 
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mately 2 microamperes are required | when 
checking paper, mica, etc., capacitors, 


Some electrolytic capacitors may allow 2 milli- 
amperes of current to £0 through | them and 
still be satisfactory. In this case, the eye will 
not open, showing the capacitor to be leaky or 


shorted, Leakage current is calculated with the 
following formula: I= KxC+,3 


I= milliamperes of maximum current through 
the capacitor. 


on canacita ance in ofd 
wo AVA ALGALIL GS LE pL abt, 
K = constant relative to the voltage rating of 
the capacitor, as follows: 
3 to 100 volts K = .01 

101 to 250 voits K = .02 

251 to 350 volts K = .025 

351 to 450 volts K = ,04 
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EXAMPLE: 40 ufd capacitor rated at 450 volts, 


I = 04x 40+ .3 


“a 


1.6+ .3 


= 
iT) 


I = 1.9 milliamperes. 


—=Frr omnr * wre «st. 


XT. STD. terminais, if the component to be 
is a resistor, then the EXT. STD. 


component must be a resistor: for checking ca- 
pacitors, the EXT. STD. component must be 
a capacitor, etc; for checking inductance, use a 
coil of known value as the external standard. 
Set the RANGE switch to EXT. STD. and the 


BRIDGE-LEAKAGE switch to BRIDGE. Adjust 


the Balance tube opening. 


When measuring resistance or inductance and 
the pointer is on the left side of the scale, 
multiply the value of the EXT. STD. component 
by the pointer reading on the EXT. STD. scale. 


——a wesstVs SU CMitiSg Vet ae Milfs HL 


if the pointer is on the right side of the scale, 
divide the EXT. STD. component by the pointer 


reading. 


Connect a component of known value to the 
E 


control for eye 


When measuring capacitance, divide the value 
of the EXT. STD. component by the pointer 
reading when the pointer is on the left side; 


2 wt WASNSAA Pvaservs hve w Arey 


multiply the value of the EXT. STD. component 
by the dial reading when the pointer is on the 
right side. 


To improve accuracy when checking small 
capacitance values, connect a generator to the 


, eee rs ak thn MOAT eerstakh 
EAL. GEN, tei minals and puso tae Waive OWITCH 


to the EXT. position. Set the generator at 1000 
cps and set the RANGE switch to EXT. STD. 
Balance the bridge for eye tube opening indica- 


. trgtt 
tion. If the pointer does not read "1" (center 


of scale), add capacitance to the appropriate 
terminals (TEST or EXT. STD.) until the 
pointer is at center scale with the bridge 
balanced, This capacitance should be left on 


the terminals when checking small value ca- 
pacitances on the EXT, STD. scale. 


NOTE: When measuring inductance, an external 
standard must be used as no internal inductance 
is provided, The external standard inductance 


should have characteristics similar to those of 


the inductance being measured. Multiply for 
pointer readings on the left side of the scale 
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divide for readings on the right side of the 


MEASURING TRANSFORMER TURNS RATIO 


ST ‘terminals and the other 
pair to the EXT. STD. terminals, (Interchanging 
the primary and secondary leads only results 
in reading the ratio on the other side of the 
scale.) Set the RANGE switch to EXT. STD. and 
adjust the Balance control for eye tube opening. 
BDanA tha TIIPNS RATIO Ainoerti«eo an tha HY_ 
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TERNAL STANDARD scale, 


In some cases, the ratio may be misleading. 
This is due to ‘the non-loaded condition of the 
ee mm 

ment winding of a transformer might showup as 
something other than 18: 1. Assuming the primary 
winding is 117 voits and the filament winding is 


er wndar tact How avamntia the fita_ 


on 
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1. Recheck the wiring. Trace each lead in 
colored pencil on the Pictorial as it is 
checked. It is frequently helpful to have a 
friend check your work, Someone whois not 
familiar with the unit may notice something 

overlooked by the 


oPnnatwintaw 
VTUso ur ul iTOr, 


2. It is interesting to note that about 90%of the 


kits hat are returned for repair, do not 


can be eliminated by reheating all connec- 
timmnn $60 wr enten cere thin 4h, ner amen lAaanenea 
~200nS tO Make Sure that lic y aie S0.Ger Cu 


as described in the Proper Soldering Tech- 
niques section of this manual, 


3. Make sure that ali tubes light up properly. 


4, Check the tubes with a tube tester or by 
substitution of tubes known to be good, 


voltage (117 volts) divided by the secondary 
t ce 


filament windin 


filament wi ng y 


2 woltc) whic “ 3 
A VWehse i sa if a rs 


An external generator may be used for checking 
components at frequencies other than internal 
6o cps. Any audio gener ator capable or delivering 
2 volts or more to the EXT. GEN. terminals 
at the desired frequency may be used. Alarger 
signal voltage will give a sharper null indication 


an tha ovo these 
Whe wee SO NAR oo 


The maximum voltage that should be applied to 
the EXT, GEN, terminals is 6 volts, measured 


with the Cananitar Chanlar nnoratinge Tha un 
AULA Wit ~~ Avast ee Te OT ae Wwe ALAS 6 &’iiv Sain 


loaded external generator voltage may be as 
high as 10 volts, but the very low impedance of 
this circuit permits a heavy current to be drawn, 
which results| in a large voltage drop. The 


hat will give. a null indication on 
cal 


pictorial diagrams and as called out in the 


Wiring instructions e 


6. Check for bits of solder, wire ends or other 
foreign matter which may be lodged in the 


as 


man 4h, nha = 
Lae SN th Lil CLASPS, 
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7. -If, after careful checks, the trouble is still 
not located and a voltmeter is available, 


check voltage readines against those found 


Wee Wee s etechatated =) Sl dretnttetated = Loved Rb VESTRY 2 WRAL 


on the Schematic Diagram, NOTE: All 
voltage readings were taken with an 11 


w=emt tices 


megohm vacuum tube voltmeter, 
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Voltage 
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oa A we eet eee -_ff 22.2 tsi. -..2 | ee oe oe. © | 

o, A DPrevicw tL Ue UIrecule DeSUPripltllion Will 
prove helpful in indicating where to look 
for trouble, 


NOTE: In an extreme case where you are unable to resolve a 
difficuity, refer to the Service and Warranty section of the 
“Kit Builders Guide”, and to the “Factory Repair Service” 


information on Page 31 of this Manual. 
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REPLACEMENT PARTS PRICE LIST 


DESCRIPTION 


PART PRICE 
Each 


arts Order Form fur- 
Order Form is not No, 
arts in the Kit 


To order parts, use the P 


it, satis 42 rs 


nished with this kit, If Part 
ace 


available, refer to Re epl 


Builders Guide, TUBE S-TRANSFORMERS 
PART PRICE DESCRIPTION eee bu. ite de 
PoP Fes 411-120 2,85 6E5 tube 
RESISTORS 411-156 1,25 6AX4 tube 
31-80 1,75 Bridge transformer 
1-3 10 100 2 1/2 wa 54-34-24 5,00 Power transformer 
1-119 218 560 2 1/2 watt 
1-7 .10 680 2 1/2 watt CONNECTORS- TERMINAL STRIPS-SOCKETS 
1-8 10 820 Q 1/2 watt 
1-9 10 1000 2 1/2 watt 100-16-2 (16 Binding post cap, black 
1-44 10 2200 2 1/2 watt 100-16-18 .10 Binding post cap, red 
1-16 10 4700 2 1/2 watt 427-3 15 Binding post base 
1-20 10 10 KQ 1/2 watt 431-1 .10 Dual-lug terminal strip 
1-25 10 47 KQ 1/2 watt 431-12 10 3- lug terminal str ip 
1.96 10 100 KQ 1/2 watt 431-11 .10 5-lug terminal strip 
1-29 10 220 KQ 1/2 watt 431-16 .10 2-lug terminal strip 
1-36 10 1.5 megohm 1/2 watt 434-12 35 6-pin tube socket 
2-83 o25 200 21/2 watt 1% precision 434-77 215 9-pin tube socket 
2-35 ~20 9000 Q 1/2 watt 1% precision 
2-38 20 20 KQ 1/2 watt 1% precision METAL PARTS-KNOBS 
2-55 20 2 megohm i/2 watt 1% pre- 
1-5-1 10 22 K2 1 watt 200-525 .65 Chassis 
1-18-2 620 33 KQ 2 watt 203-250-2 1.25 Front panel 
1-10-2 20 47 K& 2 watt 462-97 -10 Lever switch knob 
3.71-10 -30 10 KQ 10 watt wire-wound 455-50 10 Knob bushing 
462-245 225 Knob 
CAPACITORS 462-253 200 Pointer knob 
20-2 015 200 puf molded mica 
- 21-71 15 .001 pfd dise ceramic 1400 V 
27-89 1.50 .02 pid Mylar HARDWARE 
23-59 .20 95 pid tubular 
23-28 20 1 wid tubular 250-2 05 3-48 x 5/16" screw 
23-56 -40 .5 ufd tubular 250-18 .05 8-32 x 3/8" screw 
27-58 2,40 2 pid Mylar 250-26 .05 6-32 x 5/8" screw 
25-41 1.00 40 ufd 350 V electrolytic 250-48 .05 6-32 x 1/2" screw 
2t-47 At) wl pid Mylar 250-89 05 §- 32 x 3/8" Screw 
250-83 .05 #10 sheet metal screw 
CONTROLS-SWITCHES 252-1 .05 3-48 nut 
: 252-3 05 6-32 nut 
10-58 -35 100 K® tab-mount control 252-4 .05 8-32 nut 
11-101 1.55 1000 Q control, wire-wound 252-7 .05 Control nut 
60-1 15 SPST slide switch 252-22 05 Speednut 
60-2 woo DPDT slide switch 253-9 .05 #8 flat washer 
62-15 2.10 3~position lever switch 253-10 .05 Control flat washer 
62-16 1,90 3-position lever switch 254-7 .05 #3 lockwasher 
63-503 2,40 16-position eed switch 254-1 .05 #6 lockwasher 
AQ AnA 1 an Ps ee a Ara Oo ne io 
Go WUS 4,00 o-poOsition Tovar witch Lote ed #8 lockwasher 
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PART PRICE DESCRIPTION PART PRICE DESCRIPTION 
No, Each No, _Each_ 
MISCELLANEOUS 
Hardware (cont'd.) 
254-5 205 Small control loc kwasher 207-53 .20 Tube retaining clamp 
254-4 05 Contro! Lockwasner 211-15 .20 Handle - 7 
255-1 05 1/8" spacer 261-9 .05 Rubber foot 
255-13 -05 1/ 4” spacer 421-20 30 1/2 ampere slow-blow fuse 
259-1 05 = #6 solder lug 422.1 .25  Fuseholder 
259-2 05 #8 solder lug 432-27 .40 Line cord adapter 
208-2 10 Mounting clip 331-6 15 Solder 
490-5 10 Nut starter 
2,00 Manual (See front cover for 
INSUIL ATORS-WIRE nart number,) 
The above prices apply only on purchases from 
the Heath Company where shipment is to a U.S.A, 
destination, Add 10% (minimum 25 cents) to the 
73-1 10 Grommet price when ordering from an authorized Service 
75-17 10 Binding post insulator Center or Heathkit Electronic Center to cover 
75-30 10 Strain relief, round cord local sales tax, postage and handling, Outside 
75-71 10 Strain relief, flat cord the U.S.A, parts and service are available from 
89-23 05 Line cord your local Heathkit source and willreflect addi- 
134.38 1,05 Wire harness tional transportation, taxes, duties and rates of 


344-59 .05/ft Hookup wire exchange, 
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NOTES: 


ALL RESISTORS ARE }/2 WATT UNLESS MARKED OTHERWISE, 


ALL RESISTORS AF 2WAT HLESS MARKED 


ALL RESISTOR VALUES ARE IN OHMS ix 5000, MEG - 3 000,000), 
ALLE CAPACITOR VALUES ARE IN «.fd UNLESS MARKED OTHERWISE. 


Cc J INDICATES VOLTAGE READING. | | 
1.5 MEG 

ALL VOLTAGES ARE OC POSITIVE UNLESS MARKED OTHERWISE. 
ALL VOLTAGES ARE MEASURED FROM POINT INDICATED TO CHASSIS fae’ 

GROUND, EXCEPT AC VOLTAGES ON POWER TRANSFORMER SS 

WING INGS. 
YOLTACE READINGS TAKEN WITH AN FD MECOHM INPUT VTWM_ 
VOLTAGES MAY VARY +10%. | | BALANCE 
SWITCHES ARE IN THE POSITIONS SHOWN BY THE FRONT PANEL 

MARKINGS. CONTROL 
RANGE AND VOLTAGE SWITCHES VIEWED FROM THE FRONT. | | as 

POWER FACTOR | | 
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